Rich supergene mineral association with prevalence of Pb was found in a shallow gallery of the Rovnost mine, the Jáchymov (St. Joachimsthal) ore district, western Bohemia (Czech Republic). Mimetite occurs as colourless transparent flexible fibres up to 1 mm in length and up to 10 μm in diameter. The fibres form greyish white aggregates (up to 1 cm 2 in area) grown on the surface of gangue strongly affected by supergene alteration. The results of the single crystal X-ray diffraction study of mimetite with R 1 = 0.0381 are fully consistent with data reported previously for this mineral phase. According to electron microprobe study, interesting are namely elevated contents of SiO 4 (up to 0.16 apfu). Among the supergene minerals, cerussite, anglesite, wulfenite, philipsbornite-segnitite minerals, pyromorphite and metazeunerite were determined based on powder X-ray diffraction and electron microprobe analyses. The presence of U (~ 4 wt. % UO 3 ) and As (up to 4 wt. % As 2 O 5 ) in wulfenite is particularly noteworthy. Characteristic of the studied mineral association are elevated and omnipresent contents of F -. This mineral assemblage is considered to be a result of a long-term in-situ weathering in near-surface conditions.
Introduction
Lead arsenates are common minerals in oxidation zones of sulphide ore deposits and occurrences. The restricted stability of these minerals may play a significant role in the mobility of arsenic and lead in the near-surface environment. The investigation of crystal structures and chemical compositions of supergene As-bearing phases may lead to a better understanding of the geochemical behaviour of As and thereby help to elucidate mechanisms of transport and accumulation of arsenic in natural conditions (Williams 1990; Morin et al. 2001; Kolitsch and Pring 2001; Magalhães and Silva 2003; Krivovichev et al. 2006, and others) .
An interesting supergene Pb-rich mineral association was discovered in the Rovnost mining field, Jáchymov ore district, western Bohemia, Czech Republic. The subsequent research work resulted in the discovery of a suite of many interesting minerals that had not been found in Jáchymov before. Preliminary results of this research have been presented at the IMA 2010 General Meeting in Budapest (Sejkora et al. 2010b ).
Geological setting
The Jáchymov ore district, located in the vicinity of the namesake town, Jáchymov (St. Joachimsthal), is a classic example of an Ag + As + Co + Ni + Bi + U vein-type hydrothermal mineralization. The ore veins cut a complex of medium-grade metasedimentary rocks of Cambrian to Ordovician age, in the contact aureole of a Variscan granite pluton. The majority of ore minerals were deposited during Variscan mineralization from mesothermal fluids (Ondruš et al. 2003a, b) . Primary and supergene mineralization in this district resulted in extraordinarily rich associations; more than 420 mineral species have been described to date (Ondruš et al. 1997 (Ondruš et al. , 2003c Plášil et al. 2009b Plášil et al. , 2010b Plášil et al. , 2011 Sejkora et al. 2010a-c; Tvrdý and Plášil 2010) .
The studied mineral association was found in the samples from the Rovnost mine mining area (50°22′18.421″N, 12°53′32.83″E), collected by two of the present authors (JH and FV) during late 1980's. Samples come from a shallow gallery which reached an alteration zone of the vein extraordinarily rich in Pb. They were found in a pillar remaining as an edge of the stope. This is an interesting type of oxidation zone within near-surface or outcrop portions of the Jáchymov veins. To date, such an association has not been described and the current research resulted in additional data contributing to the complexity of the geochemical systems in the Jáchymov ore district. The previous finds and descriptions of supergene minerals and associations were focused mainly on very rich accumulations which originated from sub-recent alteration in the old mining adits and workings environment. As mentioned by Ondruš et al. (2003d) , the majority of accessible outcrops of the veins show relatively simple mineral associations. The outcrop parts exhibit effects of a nearly complete leaching of ore components. Only sporadic occurrences of minerals bearing uranium (torbernite, autunite, uranophane, kasolite), bismuth minerals (bismutite, bismutoferrite), copper (malachite, mixite) and lead (anglesite, pyromorphite) were reported. Ondruš et al. (2003d) further noted that the typical weathering pattern of veins with increasing depth, starting with a leached oxidation, enriched oxidation and cementation zones above the primary occurrence formed by unaltered minerals, is known only at the Geschieber (Svornost mine), Geister and partly at the Červené veins (Rovnost mine). The find of parsonsite in the outcrop parts of the Červené veins, reported by Plášil et al. (2009c) , is also connected with alteration of galena, which was found as grains in the gangue. Certainly, not all Pb can be of radiogenic origin, as was demonstrated by Škácha et al. (2009) and Plášil et al. (2010a) in the case of Pb-U minerals in the Příbram ore district. The currently studied mineral associations represent an in-situ supergene association, formed by replacement of primary phases, particularly of massive galena.
Experimental techniques

Morphological study
The surface morphology of the samples was studied with the optical microscope Nikon SMZ1500 in combination with the digital camera Nikon DXM1200F (National Museum, Prague), used for photography in incandescent light. For the observations of the morphology of the finecrystalline phases, a Hitachi S3700N (National Museum, Prague) scanning electron microscope was used. The secondary electron images (SE) of the surface details were also taken using this equipment on gold-coated samples.
X-ray powder diffraction study
The X-ray powder diffraction patterns of studied mineral phases were obtained from hand-picked samples using a Bruker D8 Advance diffractometer with solid-state 1D LynxEye detector using CuK α radiation (National Museum, Prague). In order to minimize the background, the powdered samples were placed on the surface of a flat silicon wafer from acetone suspension.
Bruker program EVA was utilized for the phase analysis together with the ICDD database PDF2 (release 2009). X-ray powder diffraction data were processed using the Bruker program TOPAS 4.2., where the profile fitting was done using a Pseudovoigt profile shape function corrected for asymmetry (full-axial model). Obtained positions of the diffraction maxima were used for the refinement of the unit-cell parameters by the Celref program of the LMGP suite for Windows (Laugier and Bochu 2007) , an algorithm based on least-squares method.
Single crystal X-ray diffraction study
A c r y s t a l o f f i b r o u s m i m e t i t e o f d i m e n s i o n s 0.08 × 0.07 × 0.30 mm was selected for X-ray diffraction experiment utilizing an Enraf Nonius single-crystal diffractometer with a CCD detector (Faculty of Science, Charles University, Prague). The unit-cell was refined from 9868 diffractions between 2.91 and 24.11 °θ by least-squares algorithm of the Collect software (Bruker AXS). The total number of diffractions measured was 13505. The three dimensional intensity data were corrected for background, Lorentz and polarization effects. Merging of equivalents gave 717 unique reflections. The R int of the data was 0.225. The crystal structure of fibrous mimetite has been solved from the data by direct methods using SIR92 (Altomare et al. 1994) and subsequently refined by full-matrix least-squares algorithm based on F 2 (SHELXL97, Sheldrick 2008) ; the final refinement was performed using JANA2006 (Petříček et al. 2006) and resulted in convergence with the following indices of agreement, R 1 = 0.0381, wR 2 = 0.0866 with a GOF = 2.50 for 292 observed reflections [I obs > 3σ(I)]. Other details on data collection, crystal data and refinement are listed in the relevant table.
Chemical analyses
Quantitative chemical data for polished samples mounted in the epoxy resin were collected with a Cameca SX100 electron microprobe (Laboratory of Electron Microscopy and Microanalysis of the Masaryk University and Czech Geological Survey, Brno) operating in the wavelengthdispersion mode with an accelerating voltage of 15 kV, a specimen current of 8-10 nA, and a beam diameter of 5-10 μm. The following lines and standards were used: K α : andradite (Ca), albite (Na), almandine (Si), Cu (Cu), grossular (Al), fluorapatite (P), hematite (Fe), gahnite (Zn), NaCl (Cl), olivine (Mg), rhodonite (Mn), SrSO 4 (S), vanadinite (V), topaz (F); L α : lammerite (As), baryte (Ba), Sb (Sb), W (W); M α : galena (Pb), powellite (Mo) and M β : Bi (Bi). Peak counting times were 20 s for main and 60 s for minor elements; each background was acquired for half of the peak time. Raw intensities were converted to the concentrations using automatic PAP matrix correction software package (Pouchou and Pichoir 1985) . Elevated analytical totals of minerals containing a large amount of hydroxyl groups or crystal water are generally caused by water evaporation under high-vacuum conditions or water evaporation due to heating of the analyzed spot by the electron beam. Lower analytical totals for some samples are primarily caused by their porous nature or by poorly polished surfaces of soft or cryptocrystalline minerals.
Results and discussion
Mimetite
Mimetite forms greyish white finecrystalline aggregates (up to 1 cm 2 in the area) grown on the surface of strongly supergene-altered gangue (Figs 1-2) . Individual mimetite crystals are represented by colourless transparent flexible fibres up to 1 mm in length and up to 10 μm in diameter (Fig. 3) . In addition, mimetite forms locally abundant aggregates up to 200 μm across in altered gangue. These minerals replaced older aggregates of the segnitite-philipsbornite series minerals.
X-ray diffraction
Mimetite crystals were checked both using single crystal and powder XRD (Tab. 1). The unit-cell from the singlecrystal data was refined from 9868 diffractions between 2.91 and 24.11 °θ by least-squares algorithm of the Collect software (Bruker AXS). The refined unit-cell parameters (Tab. 1) are consistent with those reported previously for mimetite samples (Dai et al. 1991) . Unit-cell parameters refined from the powder data are similar to those obtained from single-crystal data and are comparable to those of mimetite with the As-rich part of the pyromorphite-mimetite solid solution series, in the current case > 80 mol. % As (see Flis et al. 2010) . The refined crystal structure of currently studied mimetite (Tab. 2) is, within the error, identical with the refinement of Dai et al. (1991) . Atomic co-ordinates and displacement parameters, listed in Tabs 3-5, are consistent with previous crystal structure refinements. Crystal structure of the studied mimetite (Fig. 4) consists of AsO 4 tetrahedra, PbO 9 polyhedra, tri-capped trigonal prisms, and perfectly octahedrally coordinated Cl -in the cages formed by 6 Pb atoms (Pb1). Selected interatomic distances and other geometric parameters are listed in Tab. 6. According to the bond-valence analysis (Tab. 6) and the structure refinement, the formula of studied mimetite is Pb 5 (AsO 4 ) 3 Cl, Z = 2.
Chemical composition
Studied were chemical compositions of fibrous mimetite aggregates that were examined by XRD methods and mimetite aggregates that strongly push back older segnitite-philipsbornite (Tab. 7). Fibrous aggregates are especially interesting by their (SiO 4 ) contents of 0.08-0.16 pfu and (PO 4 ) contents of 0.11-0.32 pfu (Fig. 5) . The empirical formula on the basis of As + P + Si + S = 3 is:
Tab. 4 Anisotropic displacement parameters for the crystal structure of fibrous mimetite from Jáchymov Mimetite aggregates partly replacing older phases contain irregularly elevated abundances of Cu and Zn (up to 0.22 apfu). The tetrahedral sites contain low P and Si (up to 0.03 apfu) and high S (up to 0.14 apfu). Remarkable in these aggregates are elevated contents of F (up to 0.42 apfu), which are uncommon in minerals of the mimetite-pyromorphite series. Representative analyses of this mimetite type and coefficients of the empirical formulae are presented in Tab. 7.
Cerussite
Cerussite forms tiny colourless twinned crystals up to 0.5 mm in size in cavities of altered quartz gangue as well as aggregates in association with anglesite and sphalerite. Its refined unit-cell parameters (Tab. 8) from the X-ray powder diffraction data are consistent with those published for cerussite from other occurrences.
anglesite
Anglesite was found in the samples of strongly altered primary minerals. It forms a part of the irregular whitish grey thick crusts (up to 2 mm thick) covering massive galena in association with cerussite and sphalerite. X-ray powder diffraction data for anglesite from the association studied matches very well the reference patterns from the ICDD PDF2 database. The refined unit-cell parameters are consistent with data published for this mineral species (Tab. 9). Coefficients of empirical formulae were calculated on the basis of 2 apfu. 
Philipsbornite-segnitite series
Minerals of the philipsbornite-segnitite series form irregular microcrystalline crusts (Fig. 7) up to 1 cm in size, in cavities of strongly altered quartz gangue, with greyish white, yellow green to olive green colour (Fig. 8) . They are often intensively replaced by younger aggregates of mimetite and pyromorphite. The minerals were identified by X-ray powder diffraction data; lower values of refined unit-cell parameters for philipsbornite from Jáchymov (Tab. 12) are probably caused by minor contents of P and Si (e.g., Sejkora et al. 2001a ). The refined unit-cell parameters for segnitite from Jáchymov (Tab. 12) are similar to those of the segnitite-beudantite series (Fig. 9) .
Chemical compositions of minerals of philipsbornite-segnitite series are given in Tab Representative analyses of segnitite (1-4) and philipsbornite (5-10) from Jáchymov; H 2 O* content calculated on the basis of ideal formula and charge balance; H* content of H + bound in the group (AsO 3 OH) 2-calculated on the basis of charge balance; coefficients of empirical formulae were calculated assuming (As + P + S + Si) = 2 apfu. typical of philipsbornite (Fig. 10) . On the other hand, segnitite is characterized by only 0.04-0.36 apfu Al. In this site were also determined minor Cu (up to 0.21 apfu) and Zn (up to 0.08 apfu). In tetrahedral anionsites (Fig. 11) , segnitite is virtually P-free (up to 0.04 apfu), with Si (up to 0.27) and S (up to 0.42 apfu) contents; philipsbornite contains P (up to 0. 
Pyromorphite
Pyromorphite was found as light green crystalline aggregates and irregular prismatic crystals up to 0.5 mm across in association with younger white mimetite and other supergene minerals. The pyromorphite was identified by powder X-ray diffraction. The refined unit-cell parameters (Tab. 14) are similar to those reported for the P-dominant members of the pyromorphite-mimetite series, namely those containing c. 10-20 mol. % As (Flis et al. 2010) . The chemical analyses (Tab. 15) yield 0.17-0.76 apfu As (Fig. 5) , in addition to dominant P, and minor S and Si (up to 0.06 and 0.04 apfu, respectively). Interesting is the elevated F (0.25-0.32 apfu), unusual in minerals of the mimetite-pyromorphite series. The average empirical formula of pyromorphite on the basis of P + As + S + Si = 3 apfu is Pb 
Schultenite
Schultenite forms very rare white to creamy acicular or irregular aggregates up to several mm in size, in association with mimetite and segnitite. The mineral was identified on the basis of electron-microprobe data. Besides dominant Pb and As, very minor amounts of Fe, Zn, Al, P and Si were determined (Tab. 16). The chemical composition corresponds to an empirical formula (Pb 1.01 Al 0.01 ) Σ1.02 (AsO 3 OH) 1.00 on the basis of P + As + Si = 1 apfu.
Metazeunerite
Metazeunerite was found as bright green well-formed tabular crystals (Fig. 12) up to 1 mm in size in cavities of altered quartz gangue in association with mimetite, cerussite and segnitite. It was identified by powder X-ray diffraction; its refined unit-cell parameters agree very well with the published data for this mineral phase (Tab. 17).
The chemical composition of metazeunerite (Tab. 18) is characterised by minor contents of Zn (up to 0.07 apfu), P (up to 0.11 apfu) and Si (up to 0.03 apfu), in addition to dominant Cu and As. 
Comments on the conditions of origin of the studied mineral association
The mineral association described here represents an assemblage of alteration phases formed in situ in the Mean and point analyses (1-5) of pyromorphite. Coefficients of empirical formulae were calculated assuming (As + P + S + Si) = 3; H 2 O* contents were calculated based on charge balance. Coefficients of empirical formulae were calculated assuming (As + P + Si) = 1 apfu; H 2 O* contents were calculated on the basis of ideal composition.
supergene zone of an ore vein. The primary vein filling probably consisted of a lens of ores, including massive galena, sphalerite, arsenic and/or arsenopyrite. Such a primary mineral association was described from the Jáchymov ore district by Ondruš et al. (2003b) , who interpreted the galena occurrences as being related to uraninite and arsenides. The presence of former uranium minerals, most likely uraninite, is indicated by an alteration product metazeunerite and significant presence of UO 3 in wulfenite. According to the nature of the samples studied, we suppose that the vein was intensively leached in acidic oxidizing environment. These low pH conditions suggest that some iron sulphide (e.g. pyrite, marcasite, pyrrhotite or arsenopyrite) must have been a minor primary phase, as such sulphides are commonly required to produce acidic supergene conditions (e.g., Evangelou and Zhang 1995; Johnson and Hallberg 2005; Mihaljevič et al. 2010) . Almost all primary minerals, besides sparse remnants of massive galena and sphalerite, were leached out and only the most resistant gangue mineral, quartz, is still present. No As-bearing primary mineral has been found and all As in the system studied is concentrated by supergene minerals. The presence of rare schultenite indicates rather acidic conditions characterized by relatively high activity of dissolved Pb and As and low activity of Cl in the solution (Magalhães and Silva 2003) . As these authors concluded, schultenite and anglesite occupy the same low-pH stability field, whereas mimetite and cerussite take over under neutral and basic conditions.
Mimetite will probably dominate if the activity of Pb and especially As are relatively high, compared to dissolved CO 2 . The stability field of philipsbornite-segnitite (alunite supergroup) in the Pb 2+ and Cu 2+ containing system (with Cu being subordinate in our case) was discussed by Leverett et al. (2003) . They showed that philipsbornite is the stable phase under acidic conditions (pH < 4), whereas mimetite should form under weakly acidic to alkaline conditions (pH ~ 4-8) ( 2+ and other elements in the solution. The subsequent formation of supergene phases stable under acidic oxidizing conditions took place locally (minerals of philips bornite-segnitite series, anglesite and schultenite), probably where Pb was elevated. The nature and origin of hydrous solutions instrumental in leaching out the hypogene minerals is unclear. It is certain, however, that such waters were acidic and the activity of Cl -was low. It appears that minerals of the mimetite-pyromorphite series are younger, as they form crusts covering the older philipsbornite-segnitite grains. This stage represented an increase in pH values, possibly due to exhaustion of acidic solutions producing iron sulphides, and elevated Cl -and F -activity (halides most probably derived from apatite dissolution in surrounding rocks). Bajda (2010) proved that mimetite is more soluble than previously considered, based on work of Inegbenebor et al. (1989) . Bajda (2010) presented new thermodynamic data and suggested that dissolved AsO 4 3-species are most frequent above pH = 8 in the Pb-As +5 -Cl system (activity of dissolved Pb tot = 10 -8 , Cl tot = 10 -3 , partial pressure of CO 2 = 10 -3.5 p atm ); PbCO 3 is dominant above pH of 6 (activity of dissolved As tot 5+ = 10 -8 , Cl tot =10 -3 , partial pressure of CO 2 =10 -3.5 p atm ). The MoO 4 2-anion is the prevalent species in the solution in the system Mo-H-S-O (300 K, 1 bar, concentration of Mo = 10 -8 , S = 10 -3 ) under weakly acidic (pH = 4) to strongly alkaline (pH = 14) oxidizing conditions (Ryzhenko 2010). Hence we conclude that the younger association of supergene minerals including mimetite, pyromorphite, cerussite and wulfenite crystallized from weakly acidic to alkaline, oxidized solutions. The source were probably oxidizing waters descending along veins, whereas the primary iron sulphide minerals were leached out, therefore not able to release any further acid ions into solution. The described mineral associations represent fairly stable phases under such conditions.
